Embryos of the green frog (Rana clamitans) were collected from the field and exposed to 1 of 6 water-borne treatments for 273 d (mid July 2001 to mid April 2002 
Atrazine (6-chloro-4-ethylamino-6-isopropyl-amino-s-triazine) is a widely used broadleaf herbicide, especially in the corn-growing regions of the Midwestern United States and Ontario, Canada (Solomon et al., 1996) . Since atrazine is applied to crops in the spring when amphibians are congregating and preparing for the breeding season, there is potential for exposure, especially when agricultural fields are adjacent to wetlands. In most cases, concentrations of atrazine in the aquatic environment do not exceed 20 µg/L (Solomon et al., 1996) .
It has been suggested that atrazine may function as an endocrine disrupting chemical in amphibians at concentrations as little as 0.1 µg/L (Hayes et al., 2002 (Hayes et al., , 2003 . Field surveys of frog populations have suggested a trend between atrazine exposure and altered reproductive development (Reeder et al., 1998; Hayes et al., 2003) . However, a causal relationship between atrazine exposure and reproductive responses has not been established in these cases. There have been several studies investigating the effects of atrazine exposure on laboratory (Hayes et al., 2002; Carr et al., 2003; Coady et al., 2003) and natural populations of African clawed frogs (Xenopus laevis) . One series of laboratory exposures reported that atrazine, at concentrations ranging from 0.1 to 25 µg/L, increased the incidence of gonadal anomalies, decreased laryngeal muscle size, and altered testosterone concentrations in male X. laevis (Hayes et al., 2002) . However, in similar exposure studies, there were no observable changes in laryngeal muscle size or sex steroid concentrations in frogs exposed to atrazine Coady et al., 2003) . In addition, one study found no difference in the incidence of gonadal anomalies in control and atrazine exposed X. laevis (Coady et al., 2003) . Other studies reported that exposure to 21 µg/L atrazine for 48 h during development resulted in decreased testicular volume in male X. laevis tadpoles and decreased numbers of primary germ cells in females (Tavera-Mendoza et al., 2002a , 2002b . Thus, some authors have suggested that atrazine may affect gonad development and consequently reproduction in some sensitive amphibian populations via endocrine disruption.
The objective of this study was to determine the response of larval Rana clamitans to atrazine by assessing metamorphosis and reproductive indices in animals exposed during larval development. Indices evaluated included the number of frogs initiating and completing metamorphosis, time to metamorphosis, fresh postmortem body weight and snout-vent length at metamorphic completion, and the incidence of gross and histological gonadal anomalies. Rana clamitans is representative of native North American anurans because this species commonly occurs in agro-ecosystems of the Midwestern United States. Specifically, this species occurs in ponds and wetlands adjacent to areas where atrazine is frequently used in corn crop production (Gillilland et al., 2001) .
METHODS

Test Materials
Atrazine (CAS number 1912-24-9 ; purity 97.1%) was obtained from Syngenta Crop Protection, Inc. (Greensboro, NC). Estradiol (E2) (CAS number 50-28-2, purity 98%) and dihydrotestosterone (DHT) (CAS number 521-18-6) were purchased from Sigma Chemical Co. (St. Louis, MO). Ethanol (EtOH) (CAS number 64-17-5, purity 200 proof, 100% USP grade) was purchased from AAPER alcohol (Shelbyville, KY). All chemicals were dissolved in ultraviolet (UV)-treated laboratory freshwater. EtOH was used as a carrier solvent to deliver DHT and E2 treatments in the fresh water; thus the 0.005% EtOH treatment group served as a solvent control.
Exposure Methods
Rana clamitans eggs were collected as a single mass of fertilized eggs from a rural pond (42°41′20″ N, 084°16′59″ W) in Michigan on 10 July 2001. This pond has no history of pesticide contamination and has a stable population of R. clamitans. Eggs were brought back to the laboratory and hatched in 600-ml beakers containing 500 ml of aerated pond water. Pond water was gradually replaced with laboratory fresh water. The laboratory fresh water used in this experiment was filtered and UV-exposed well water. Hatching began on 13 July 2001. On 18 July 2001 tadpoles had reached Gosner stage 25 (Gosner, 1960) and the exposure period began. Approximately 30 free-swimming tadpoles were randomly assigned to 10-L exposure tanks containing 4 L of test solution. Each exposure treatment was replicated in 9 tanks, for a total of 54 exposure tanks in the study. The tanks were housed in an environmental control chamber, where temperature, humidity, and light cycle were kept constant throughout the exposure period.
The test solutions used in the exposure were untreated control (UV-treated filtered freshwater only), 0.005% EtOH, 0.1 mg/L E2, 0.1 mg/L DHT, and 10 or 25 µg/L atrazine. Stock concentrations of atrazine in freshwater (2.5 mg/L) were made at least 12 h before dosing so that the solution could stir overnight and be completely dissolved at the time of solution renewal. Test materials were applied in a static renewal exposure regime and were renewed by 50% every 72 h.
On 22 September 2001 after 67 d of exposure, ammonia nitrogen and nitrite levels began to increase to unacceptable levels; therefore, tadpoles were transferred from 10-L glass tanks into 20-L tanks containing 16 L of test solution. After a total of 273 d of static renewal exposure to atrazine or the appropriate positive or negative control, tadpoles were transferred to a continuous flow-through system of clean freshwater until metamorphosis occurred. At the initiation of metamorphosis (forelimb emergence; Gosner stage 42), tadpoles were removed from the flow-through system and housed as individuals or in small groups in 10-L glass tanks containing approximately 500 ml of fresh water. These tanks were tilted at an angle such that both a wet surface and a dry surface were available for the developing frogs. At the end of the study (d 506), tadpoles that had not reached initiation of metamorphosis were sacrificed in tricaine methanesulfonate (MS-222) and stored at −20°C.
Water Quality and Exposure Verification
Prior to test solution renewals, water quality parameters such as pH, total ammonia nitrogen, nitrite nitrogen, hardness, and dissolved oxygen were measured in select replicate tanks. Water quality parameters were measured using Lamotte test kits for ammonia, nitrite, and hardness (Aquatic Ecosystems, Apopka, FL). Dissolved oxygen was measured by use of a YSI model 57 oxygen meter (YSI, Inc., Marion, MA), and pH was measured using an Orion research pH meter, model 710A (Thermo Orion, Inc., Beverly, MA).
Water samples were collected following each test solution renewal in order to measure atrazine concentrations in the exposure water. Concentrations of atrazine were measured by enzyme-linked immunosorbent assay (ELISA) using the Envirogard Triazine 96-well plate kit (Strategic Diagnostics Newark, DE; product 7211000). The method detection limit (MDL) of the Envirogard Triazine 96-well plate kit was determined to be 0.074 µg atrazine/L and the limit of quantification (LOQ) was 0.22 µg atrazine/L (Villeneuve et al., personal communication) . When the concentrations of atrazine, as measured by the ELISA, deviated from expected concentrations, water samples were compiled and analyzed by gas chromatography/mass selective detection (GC-MS) at Syngenta Crop Protection, Inc., to verify the results of the ELISA. For GC-MS analyses, water samples were buffered to a pH of 10, and analytes were extracted by partitioning into ethyl acetate. Samples were then evaporated to dryness and reconstituted in acetone. GC-MS analyses were performed in the selected ion monitoring mode (Yokely & Cheung, 2000) .
Methods at Exposure Termination
Throughout the study, mortalities and number of frogs initiating and completing metamorphosis were recorded daily. At metamorphic completion, marked by complete tail resorption (Gosner stage 46), frogs were euthanized by immersion in MS-222, weighed, and measured for snout-vent length. Frogs were then preserved in Bouin's fixative for 48 h. After 48 h, frogs were removed from the Bouin's fixative and rinsed with reverse osmosis water. Frogs were then placed in 70% ethanol for long-term storage. When frogs were transferred into ethanol, code numbers were assigned so that the frog's treatment origin would be unknown in subsequent analyses. All frogs reaching Gosner stage 44 were examined for gross gonadal morphology. Frogs were dissected under an Olympus SZ40 stereomicroscope and gonads were examined for sex classification and gross gonadal anomalies. Digital photographs were taken of each specimen. The incidence of gross gonadal anomalies was enumerated and the nature of the anomaly described.
A subset of the frogs examined for gross morphology of the gonads was also examined for histology of the gonads. Gonads were removed from the fixed frogs, embedded in paraffin, and serially sectioned at 5-µm intervals. Every fourth cut section of the gonad was mounted onto a slide, such that every 20 µm was represented in the analysis. Slides were stained with eosin and hematoxylin. All slides of sectioned ovaries and testes were observed under a compound microscope without knowledge of sample origin. When they occurred, histological anomalies were described and enumerated.
Historically, a number of terms have been used to describe both normal and abnormal gonadal development in vertebrates, including frogs (Dumont, 1972) . More recently, other terms have been used to describe the phenomenon in fish (Sumpter et al., 1996; Gimeno, 1998) and frogs . The terminology used in this article is that employed by Coady et al. (2003) . Juvenile frogs containing both testicular and ovarian tissue are referred to as rudimentary hermaphrodites. Rudimentary hermaphrodites function as one sex, but also contain gonadal tissue of the opposite sex (Van Tienhoven, 1983) . Rudimentary hermaphroditism can be characterized by two different morphologies. The intersex morphology occurs when testicular and ovarian tissues are separated rostral/caudal or left/right in the same individual. The mixed sex morphology occurs when both testicular and ovarian tissue are mixed together in the same gonad. When observed at the histological level, the mixed sex morphology is characterized by the occurrence of testicular oocytes (Coady et al., 2003) . Testicular oocytes are characterized as such if the oocytes within the testes contain an intact nucleus, nucleoli within the nucleus, and a surrounding squamous epithelial layer.
Statistical Methods
Kolmogorov-Smirnov's one-sample test with Lillifor's transformation was used to assess whether observations were normally distributed. When data were normally distributed, analysis of variance (ANOVA) followed by Fisher's least significant difference (LSD) was used to detect significant differences between treatment groups. When observations for a parameter were not normally distributed, the nonparametric Kruskal-Wallis test was used to detect differences among treatment groups. The nonparametric Mann-Whitney U-test was used to test for significant differences between treatment groups. The chi-square test was used to detect significant deviations in expected sex ratios in each replicate tank, and Pearson's chi-square was used to test for significant differences in the incidences of gonadal anomalies. The criterion for significance that was used in all statistical tests was p < .05. The probability of a type II error (1 − β), or statistical power, was set at .8, and the detectable differences among treatment groups were calculated based on sample size and the average variation of the parameter under investigation.
Data sets were analyzed in two separate groups such that the treatment groups were compared to the appropriate control treatment in the experimental design. The atrazine data set included all atrazine treatments and the untreated control. The positive control data set included the DHT and E2 treatments along with the EtOH solvent control.
RESULTS
Atrazine Exposure Verification
When measured by ELISA, concentrations of atrazine in the exposure tanks were similar to the nominal concentrations. Small concentrations of atrazine were detected in control exposure water; however, this was an infrequent observation. Less than 30% of the samples (n = 8) collected from control tanks had atrazine concentrations that were above the MDL of the ELISA (0.074 µg atrazine/L), while less than 17% of the samples (n = 5) had atrazine concentrations above the limit of quantification (LOQ) of the ELISA (0.22 µg atrazine/L). Samples of untreated control water had measurable amounts of atrazine on the following dates during the exposure period: 8/14/01, 8/21/01, 8/22/01, 10/7/01, and 2/28/02. The average atrazine concentration in the control treatment was between 0.07 µg/L and 0.25 µg/L, depending on the proxy values assigned to samples with concentrations below the LOQ (Table 1) . To verify the presence of atrazine in control treatment tanks and to cross-check the results of the ELISA method, select water samples from each treatment (having the greatest concentrations of atrazine as measured by ELISA) were compiled and measured by GC-MS at Syngenta Crop Protection, Inc. The ranges of GC-MS measured atrazine concentrations in the control, 10-, and 25-µg/L treatment samples were <0.10-0.39, 15-29, and 30-46 µg/L atrazine, respectively. These ranges represent the greatest concentrations of atrazine present during the exposure period for each treatment.
Water Quality
Water quality was measured in both the static exposure tanks and the flow-through fresh-water tanks. The average temperature ± standard deviation (SD) in the static exposure tanks was 21.3±1.4°C. The average nitrite nitrogen ± SD and the average total ammonia nitrogen ± SD in static exposure tanks were 0.22 ± 0.4 and 0.04 ± 0.0 mg/L, respectively. Static tanks had an average pH ± SD and an average dissolved oxygen content ± SD of 8.0 ± 0.7 mg/L. The average temperature±SD in the flow-through tanks was 24.8±0.5°C. Both nitrites and total ammonia nitrogen had average ± SD concentrations of 0.02 ± 0.0 mg/L in the flow-through tanks. The average dissolved oxygen concentration ± SD in the flow-through tanks was 6.1 ± 1.7 mg/L, and the average hardness concentration ± SD was 424 ± 25.7 mg/L CaCO 3 .
Effects on Mortality
Mortality was greatest during the first month of the exposure period and tended to decrease as the tadpoles aged. After transferring the tadpoles to a flow-through water system on d 273, mortality decreased. Average total mortality over 506 d was 76.5% (Table 2 ). There were no significant differences in mortality among atrazine treatments and the untreated controls. Given the sample sizes and variation in mortality in this experiment, a distinction of 19% mortality was differentiated between treatments with 80% power (1 − β). Mortality did significantly differ among the positive control treatments and the EtOH solvent control. Fewer deaths were observed in the DHT treatment as compared to the E2 treatment, but mortality in this group was not significantly different from the EtOH control treatment. There was no statistically significant difference in mortality between the E2 treatment and the EtOH control. (Table 3) . Age at initiation and completion of metamorphosis was markedly different among the atrazine treatment groups and the untreated controls. Pairwise comparisons revealed that frogs in the 10 µg/L atrazine treatment initiated and completed metamorphosis at a significantly older age as compared to both untreated control frogs and frogs exposed to 25 µg/L atrazine (Figure 1 ).
Metamorphosis
Age at initiation of metamorphosis was also different among the positive control treatment groups and the EtOH controls. Pairwise comparisons revealed that frogs in the E2 treatment initiated metamorphosis at a younger age as compared to both EtOH control frogs and frogs exposed to DHT (Figure 1) . Snout-vent length at metamorphic completion was significantly different among the atrazine treatment groups and the untreated controls (Figure 2 ). Fisher's LSD test revealed that frogs in the 10 µg/L atrazine treatment were markedly shorter than frogs in the 25 µg/L atrazine treatment, but were not 
Treatment Mean age (d)
Age at initiation
Age at completion * * * FIGURE 1. Mean ages of R. clamitans initiating and completing metamorphosis (error bars represent the standard error of the mean). Asterisk signifies a significant differences from untreated control and 25 µg/L atrazine treatments at p < .05. Double asterisk signifies significant differences from the EtOH and DHT treatments at p < .05.
shorter than the controls. There were no differences in snout-vent length among frogs in the positive control treatments and the EtOH controls (Figure 2) . At 80% power, a difference in length of 0.22 cm was detectable among these treatments. There were no significant differences in body weight at completion of metamorphosis among the atrazine-treated frogs and the untreated controls. Likewise, there were no differences in weight at completion of metamorphosis among frogs in the positive control treatments and the EtOH controls. The detectable weight difference among all treatment groups in this experiment was found to be 0.36 g at 80% power. Average ages, lengths, and weights at metamorphosis are listed for each treatment (Table 4) . 
Sex Ratios
Sex was determined during gross examination for gonadal anomalies. The sex ratios of frogs from untreated control and atrazine treatments were not significantly different from an expected 50:50 male to female ratio (Table 5) . Likewise, sex ratios in EtOH-and E2-exposed tanks were not significantly different from an expected 50:50 male to female ratio. However, all nine tanks in the DHT treatment had sex ratios skewed in favor of more male frogs (X 2 = 9, 7, 9.3, 4, 9, 11, 8.3, 10, and 11). A total of 97.7% of the examined frogs in the DHT treatment were males.
Gonadal Anomalies
Gross gonadal anomalies, including discontinuous gonad, multiple testes, and size irregularity, were observed. Discontinuous gonad was characterized by abnormal segmentation of the gonadal tissue. Frogs with multiple testes were characterized by multiple testicular-like gonads on one side of the frog. Size irregularity was characterized either by large size discrepancies between gonad pairs or unusually large or small gonads (Figure 3) .
The incidence of gross gonadal anomalies ranged from 0.0 to 5.9% across all treatment groups (Table 6) . A large size incongruity between gonad pairs was the most commonly observed gross gonadal anomaly (Table 6) . No hermaphroditic gonads (testicular and ovarian tissue in one individual) were identified during gross gonadal observations. Using Pearson's chi-square test, no marked differences in the incidence of gross gonadal anomalies were found among all treatment groups.
When gonads were examined at the histological level, gonadal anomalies, such as rudimentary hermaphroditism, were observed in the green frogs. Two different morphologies of rudimentary hermaphroditism were observed: intersex gonads and testicular oocytes (Figure 4) . When examined histologically, the incidences of gonadal anomalies, across all treatment groups, ranged from 0.0 to 12.9%. Most of the gonadal anomalies occurred in male frogs (Table 7) . However, one frog in the E2 treatment group, identified as a female during the gross gonadal inspections, had testicular oocytes. Testicular oocytes were the most common Note. EtOH = 0.005% ethanol, DHT = 0.1 mg/L dihydrotestosterone, E2 = 0.1 mg/L estradiol. All frogs surviving to Gosner stage 44 were examined for sex determination.
a As the gonads from one frog in the EtOH treatment were missing, the percentages do not total 100%. b Significant deviation from an expected 50:50 male: female ratio. histological anomaly. This anomaly occurred in untreated control, EtOH-, and E2-exposed frogs, but not in DHT, 10, or 25µg/L atrazine-exposed frogs (Table 7) . Using Pearson's chi-square test, no marked differences in the incidence of histological gonadal anomalies were found among all treatment groups. 
TABLE 6. Percent Gross Gonadal Anomalies in R. clamitans Exposed to Atrazine or Sex Steroids
Note. EtOH = 0.005% ethanol, DHT = 0.1 mg/L dihydrotestosterone, E2 = 0.1 mg/L estradiol. All frogs surviving to Gosner stage 44 were examined for gonadal anomalies. 
DISCUSSION
Since there were no standard protocols available before our research was initiated, methods for rearing R. clamitans in the laboratory needed to be developed. Mortality levels were high in this study and may be a reflection of the high mortality among natural populations of developing green frogs. Despite high levels of mortality in all treatment groups, a total of 396 frogs survived to initiate metamorphosis, and more than 75% of these frogs completed metamorphosis and were used in subsequent histological evaluations.
Overcrowding is known to decrease rates of growth and development in amphibians (Gillespie, 2002; Tejedo & Reques, 1992) . In this study, when frogs were removed from static tanks and placed in a flow-through system, mortality decreased and the rate of development increased. The increased rate of development for tadpoles in the continuous flow-through system was most likely due to the combined influences of a rise in temperature, better water quality, and the onset of spring. However, seasonal cues appeared to have the most important role in the regulation of metamorphic development. Even though green frog tadpoles were kept under constant temperature and lighting conditions in the laboratory, they still responded to seasonal cues. This was evident because no tadpole initiated metamorphosis in the winter during the natural hibernation period for R. clamitans. In addition, metamorphosis greatly increased in the spring when the natural hibernation period was over.
The long spans of time from hatching to completion of metamorphosis make R. clamitans a difficult species for developmental toxicology tests. Age at metamorphosis was variable. A small set of tadpoles underwent metamorphosis the fall of the year they were collected (2001); however, the majority of tadpoles underwent metamorphosis spanning the period from late April until November of the following year (2002) . This result is consistent with what has been observed in wild populations of R. clamitans. In the field, most R. clamitans eggs laid near the end of the summer (after 10 July) did not hatch until the following year in the spring. Egg masses that were laid before 25 June tended to metamorphose by early or mid fall of the same year (Martof, 1956 ). The R. clamitans eggs used in this study were collected near the end of the spawning period. Individuals that initiated metamorphosis during the first season after their collection were generally from tanks that had experienced high mortality rates during the first month of the exposure. Therefore, the few frogs that underwent metamorphosis in the first year experienced lesser tadpole densities during the pre-metamorphic phase of development. It is possible that the reduced crowding early in development allowed for increased growth, which enabled an earlier onset of metamorphosis (Tejedo & Reques, 1992) .
To limit mortality and maximize development in future laboratory experiments with R. clamitans, it is recommended that tadpoles be reared at low densities in static tanks (<1 tadpole/L) or in a continuous flow-through system. In addition, although they are not as closely associated with aquatic systems throughout their life span, other species, such as the wood frog (Rana sylvatica) or the northern leopard frog (Rana pipiens) have shorter developmental periods and are possible alternative ranids that could also be used in developmental toxicology research in aquatic systems. They were not selected as experimental animals for this study because their populations are not as strongly established in Michigan.
The results are discussed in terms of nominal exposure concentrations. However, the actual average concentrations of atrazine were quantitatively different. The nominal concentrations of 10 and 25 µg atrazine/L were actually approximately 12 and 28 µg atrazine/L, respectively. The actual measured concentrations of atrazine were greater than the nominal concentrations. On several occasions, small concentrations of atrazine were detected in the control water. Most of the time, the concentration of atrazine in the control water was less than the limit of quantification (LOQ). Since the detection of atrazine in the controls was intermittent, the duration of exposure to detectable concentrations of atrazine was relatively short. It is unknown why small concentrations of atrazine were measured in the control tanks. It is possible that other compounds were able to cross-react with the triazine ELISA, resulting in false positive measures of atrazine in the control water. The small concentrations of atrazine in the control water did not affect the conclusions of the study, since there were no statistically significant, concentration-dependent effects of atrazine observed on any of the parameters investigated.
Exposure to 10 or 25 µg/L atrazine did not markedly affect mortality of R. clamitans. This result is consistent with other observations on amphibians involving atrazine (Morgan et al., 1996; Battaglin & Fairchild, 2002) . Atrazine produced amphibian mortality at much greater concentrations (LC50 = 410 µg/L atrazine) than those used in this study (Battaglin & Fairchild, 2002) .
Length and age at metamorphic completion were significantly different among treatment groups. However, atrazine exposure did not affect these parameters in a concentration-dependent manner. The difference in time to complete metamorphosis between treatment groups appeared to be a result of tank effects on relative growth rates rather than atrazine treatment. Tadpoles exposed to 10 µg/L atrazine were older and smaller when they underwent metamorphosis than were controls. However, tadpoles exposed to 25 µg/L atrazine did not differ from controls in age, weight, or length at completion of metamorphosis. In addition, frogs exposed to E2 metamorphosed sooner than controls, while frogs exposed to 10 µg/L atrazine metamorphosed at an older age compared to controls, suggesting that any effects on the maturation process induced by atrazine are not the result of an E2-mediated mechanism. In an exposure study with larval gray tree frogs (Hyla versicolor), atrazine did not affect size and age at metamorphosis of tadpoles exposed to atrazine concentrations <200 µg/L (Diana et al., 2000) . In our study, chronic exposure to 10 or 25 µg/L atrazine did not consistently affect age, length, or weight of R. clamitans at completion of metamorphosis. However, an exposure to more than two concentrations of atrazine would be necessary to fully elucidate a possible concentration-response relationship between atrazine exposure and tadpole development.
Even though tadpoles were not exposed to atrazine for their entire developmental history, sex ratio data indicated that the exposure period of 273d was a critical time for green frog gonad development. Since R. clamitans exposed to DHT were 97.7% male, it can be assumed that the exposure period and duration was sufficient to allow effects of exogenous substances on gonadal development. Unlike African clawed frogs (X. laevis), R. clamitans are not feminized when exposed to exogenous estradiol, but instead are masculinized when exposed to exogenous androgens, such as DHT (Foote & Witschi, 1939) . This difference in responses to hormones demonstrates that endocrine regulation of maturation and sexual development is different among frog species (Wallace et al., 1999) . Therefore, hormones and hormone mimics could induce different responses in different frog species.
The fact that exposure to atrazine did not affect sex ratios in R. clamitans is similar to the results reported for X. laevis exposed to atrazine, where the sex ratio was not altered from an expected 50:50 ratio . While it has been hypothesized that atrazine can feminize male frogs through upregulation of aromatase, the enzyme that converts testosterone to estradiol (Hayes et al., 2002 (Hayes et al., , 2003 , sex reversal was not observed in R. clamitans.
It has been reported that atrazine exposure produces hermaphroditism in some species of frogs (Hayes et al., 2003) . The fact that the incidence of gross and histological gonadal anomalies was not different in control and atrazinetreated R. clamitans suggests that this is not the case for all species exposed to similar concentrations of atrazine. It is possible that different species or strains of amphibians have different types and magnitudes of response to atrazine exposure. In addition, some amphibians are known to have hermaphroditic characteristics during phases of their natural reproductive development. In particular, testicular oocytes have been reported to be a natural developmental occurrence in some strains of ranid species, including, but not limited to, Rana temporaria (Witschi, 1929) , Rana catesbeiana (Hsu & Liang, 1970) , and Rana curtipes (Gramapurohit et al., 2000) . In addition, Bufonid toads, whether genetic males or genetic females, develop ovaries, which become compressed into the Bidder's organs in front of the definitive gonad at the time of metamorphosis (Wallace et al., 1999) . Therefore, based on the results of this study and the reported incidences of natural background levels of hermaphroditism in the scientific literature, gonadal anomalies in R. clamitans do not appear to be related specifically to the presence or absence of atrazine.
